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BLOTTED CYLINDH ANTHIBS FOR RADIOSONR SIT AN/n4Q-6

Stafford W. Thompson

Elza R. Farley

Da TAsxK 1-G-6-20801-A-037-01

ABSTRACT

Rocket-borne Radiosonde Set AN/IQ-6, adapted from a balloon-borne
equipment to gather the high-altitude wind and temperature data needed for
missile design and evaluation, requires a compact, omnidirectional anterna
vith good axial coverage to permit tracking of the rocket nose cone on
descent as well as ascent. A helical slotted cylinder antenna, compact
enough to fit into the nose cone of the ARCAS rocket and with operation in
the 1660 mc to 1700 mc frequency range, was developed to meet this require-
ment. The helical, center-fed slot, A long and < < A wide at 1630 me, was
cut in a cylinder .222 A long and .16 A in diameter. A second requirement,
aris Ing from the need to use the entire upper portion of the nose cone for
sensorj equipment, was satisfied by the development of a circumferential.ly
slotted cylinder antenna. Vnis antenna consisted of a cylinder .2 A in
height and .57 A in diameter -At 16.O mc, around which four center-fed cir-
c-!Iiferential slots .6 A long were symmetrically placed. Both antenna3
p.-nved satisfactory in engineering flight tests. They can also serve in
other rocket applications where good axiea. coverage is desired.

The most signficant resiLlt of this development Is the eftablis-rent of
the capability of obtaining a linearly' i-olarized field along the axis of
cylndIrcal ontennas of sna1 length and diameter.
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SLOTTED CYLIN1BR ANTNAS
FoR RADIOSONDE sam AN/r4Q-6

INTRODUCTION

Atmospheric soundings such as wind speed, wind direction, pressure,
temperature, and humidity are obtained by means of a rawinsonde system, w,..ch
consists of a radiosonde transmitter, a radio direction finder, and a
meteorological recorder. With the development of the missile and roc'et
program, a rocket-borne radiosonde was needed to gather the high-alt-. ;c
wind and temperature data required for missile design and evaluation. ?lco-
sonde Set AN/rJAQ-6, an ajaptation of a balloon-borne radiosonde, was des-.r 7..
to fulfill this purpose.

The rocket-borne radiosonde requires a compact, omnidirectional mutenn '.
with good axial coverage. Improved antenna coverage is essential, since the
tracking angles are generally much higher in the rocket than in the b.lloon
application. The first radiosonde rockets employed a Signal Corps antenna
developed earlier for use in the balloon-borne radiosonde. This antenna,
a stub type with a conically-shaped ground plane, is shown in Figure 1. 2e-
signed to operate in the frequency range of 1660 mc to 1700 mc and compact
enough to fit into the tip of the small rocket nose cone, the stub antenna
produces good radiation field coverage on ascent. There is also, however,
a requirement to track the descent of the rocket nose cone, which separates
from the rocket body and descends by parachute. The stub antenna provides
extremely poor axial coverage for this portion of the flight.

Accordingly, a program was initiated to provide a compact new antenna
of simple and rugged construction, vertically polarized and with good omni-
directional coverage, which would also permit good axial coverage in rocket
applications where there was interest in the downward flight of the rocket.
A helically-slotted cylinder antenna was developed to fulfill these require-
ments. A second requirement for the rocket-borne radiosonde antenna arose
from the need to free the entire upper portion of the rocket nose cone for
installation of sensory equipment. This requirement was satisfied by the
develomment of a circumferentially-slotted cylinder antenna.

Both antennas were developed for use in the ARCAS rocket.

HELICALLY-SLOTTED CYLINDER ANTENNA

Design Considerations

The space in the rocket nose cone allotted to the antenna was in the
form of the interior of a truncated cone with bases of diameter 1.6 inches
and 0.7 inch. Given the physical limitations of the nose cone, preliminamr
investigations of various compact antennas indicated that some form of
helical slot (slot width<< ^ ) would provide the desired pattern charac-
teristics. Since it was not practicable to determine the optimum cyliner
dimensions and helix parameters theoretically, these dimensions and para-
meters were obtained experimentally. The dimensions of the cylinder were
specifically chosen as the largest possible for the space available in order
to allow the maximum degree of freedom in choosing pitch angle and slot length,
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and also to achieve simplicity in construction. Cylinders of smaller diam-
eter with helical slots of varying lengths were examined. However, they were
found to be less suited to this application than the larger cylinder.

Antenna Parameters

The optimum dimensions determined for the helically-slotted cylinder,
at the design frequency of 1680 mc, are given below. The subscript
signifies that the dimension is measured in free-space wavelengths.

= diameter of helix (outer cylinder diameter) - 0.16

C, = circumference of helix Q 0.5

SA  = spacing between turns (center to center) = 0.08o

= pitch angle c = tan"I S/lID = 109

LA = length of one turn W 0.5

AA = axial length A = n S = 0.178

h% = total length of cylinder = 0.222

VA = slot width = 0.0088

2L/w = ratio, slot length to slot width = 114

n = number of turns = 2

2LA - slot length 0 1

In preliminary tests, the helically-slotted cylinder was center fed by
a 50-ohm coaxial transmission line. In order to help meet the impedance
requirements of the transmitter tube, it was necessary to reduce the VSWR
of the antenna to a level of better than 2 to 1 over the frequency band.
This was accomplished by lengthening the cylinder. Space restrictions
limited the amount that could be added to the length of the cylinder and
dictated a conical shape for the extension. The terminal impedance of the
helical slot was found to be 25 ohms resistive at 1680 mc.

The transmitter of Radiosonde Set AN/DM-6 uses a JRC 5794 tube to which
the antenna is directly connected. This tube was designed to operate into a
50-ohm resistive load. Since it was necessary to match the slot antenna to
a 50-ohm output, a quarter-wave transformer was constructed from 35-ohm
coaxial cable for use as the feed line. While it was not possible to measure
directly the impedance of this arrangement, the power output proved to be
at least as good as that of the dipole antenna used previously. Power out-
put will be affected and superregeneration may be caused by conditions of
mismatch of oscillator internal impedance and load impedance.

The basic slot antenna with its conical extension is shown in Figure 2.
Diagrams presented in Appendix I give exact dimensions and details of con-
struction, as well as the method used to mount the antenna on the JRC 5794
transmitter tube.
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Radiation Pattern Characteristics

The customary dimensional criteria used to determine the axial mode of
radiation for a wire-wound helix cannot be used for the helical slot, since
the vire-wound helix is a traveling-wave device while the helical slot is a
standing-wave antenna. In the case of the wire-wound helix, which is cir-
cularly polarized, the criterion for CA in the axial mode 2 is 3/4fCX. 4/3.
The helical slot antenna, on the other hand, radiates in an axial mode with
CA = .5, and is linearly polarized.

The coordinate system used in taking pattern measurements of the
helical slot antenna and the field components are shown in Figure 3. The
dot-dash line through the center feed point lies in the XZ plane. The di-
rection of polarization of this antenna is parallel to the diameter of the
cylinder that passes through the feed point. Figures 4 and 5 show the
measured (&, 4 = 0) and E$ (4e 4 = 90) voltage patterns. The
E ( e-= 90, )) pattern is shown in Figure 6. Since the nose cone spins
throughout its entire flight, omnidirectional coverage is obtained from this
pattern.

Patterns to determine polarization were taken by rotating the slotted
cylinder about its own axis, the z axis, with the receiving antenna located
on the z axis. Figure 7 is such a pattern, taken with the receiving antenna
horizontally polarized. In Figure 8, the receiving antenna is vertically
polarized. These patterns clearly illustrate that the dominant radiation is
linearly polarized.

The patterns of the helically-slotted antenna which are reproduced in
this report, Figures 4 through 8, were taken with the antenna mounted on the
Radiosonde Set AN/DQ-6 and with a conical sleeve used as a ground plane, as
shown in Figure 9. Satisfactory results have been achieved from rocket
flights in which the radiosonde set lacked the conical sleeve ground plane;
.t is needed, however, to obtain the best results. Since no electrical con-

nection is necessary between the ground plane and the nose cone, a satis-
factory ground plane could be obtained by metallizing the interior portion
of the plastic nose cone cover below the section covering the antenna.

Figure 10 is the pattern of the Eecomponent as a function of -0-in the
XZ plane (see Figure 4) but with the nose cone mounted on the entire r"cket
body. Figure 11, in turn, shows the pattern change in the case of the E2
-omponent as a function of - in the YZ plane when the nose cone is mount 
on the rocket body. (Compare with Figure 5.)

The measurement setup used to take the principal plane patterns of the
nose cone is shown in the diagram of Figure 12. Polarization patterns of the
nose cone were made with the measurement setup presented in Figure 13.
Figure 14 is a photograph of the measurement setup used to tuke the E@ and Ed
patterns of the complete rocket assembly.

While the E (0, 4 = 90) patterns appear to be similar to axial-mode
patterns, the E4 () 4 = 0) patterns do not. The explanation for the asym-
metry of the E4 pattern probably lies in the fact that linear currents are
set up on the cylinder, parallel to its axis, giving rise to an anti-sym-
metric pattern for lpolarization. This pattern interferes with the E
pattern from the hellx, causing asymmetry.
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Figure 15 presents the complete system layout and indicates the type of
pattern coverage required. Since the nose cone spins on both ascent and
descent, a vertically polarized component is seen by the receiver from all
possible flight positions, including the one in which the nose cone is di-
rectly over the receiver.

CIRMOMERETIAILY-SLOTTED CYLINDER ANTENNA

Description

This antenna was designed to fit into the lower portion of the rocket-
sonde nose cone, in order to leave the upper portion free for installation
of sensory equipment. The antenna size was limited by the inside diameter of
the lower part of the nose cone, which averaged 4.2 inches. The design was
centered around a cylinder 1.5 inches (ov .2A) in height with an outer dia-
meter of 4 inches (,v.57A ). Lambda (A) is measured at 1680 mc.

Four circumferential slots .6 A long were placed symmetrically around
the cylinder. Since the length of each slot was greater than a quadrant, two
slots, 180 degrees apart, were placed 0.25 inch above the center circumfer-
ential reference line. The remaining two slots, rotated 90 degrees away fro-,
the first pair, were placed 0.25 inch below the center reference line. The
positioning of the slots may be seen in Figure 16, which shows the assembled
antenna. The slot length of .6 A was experimentally determined to achieve
rosonance for this configuration. The single slot impedance, at resonance,
,reed fairly well with theoretical ccnsiderations. The rescnant slot length

.ncreased, however, when the number of slots was increased to four.

A cylinder 2 inches in diameter, placed within and concentric to the
2a'-ger cylinderwas held in position by top and bottom plates, forming a
cavity approximately .25A in depth. The component parts of the circumferen-
tially-slotted cylinder antenna are shown in Figure 17. Figure 18 presents
the top view with the plate removed, showing the slot feed arrangement. In
Figure 19 the top view is seen with the plate in place.

In order to otain endire radiation from the slotted cylinder, one pair
of adjacent slots had to be fed in antiphase to the other pair of slots. This
,onas done by making the feed lines to one pair of slots A /2 longer than the
feed lines to the other two slots. Each slot was center fed by a separate
cable, with the four cables terminating in a common connection to the trans-
iZttcr tube. Other feeding arrangements were tried, but this one proved to
be the best electrically and also the simplest to reproduce. The feed sys-
tem is still under study for use in other applications.

R=±1ation Pattern Characteristics

The end-fire radiation characteristics of the four-slot circumferential
-......... 'ase antenna are quite similar to those of the helically-slotted an-

t '*Ia. The pattern of this antenna is linearly polarized in a direction
clel to a diameter line through the center of the overlap of inphase

.Lot;. The pattern coordinate system and field components are shown in
Figure 20. The dot-dash line through the center of slot overlap lies in
tIle XZ plane. Figures 21 and 22 show the measured Es (e, 4 = ) and
E. (e, 4 = 90) voltage patterns. The E (9 = 90, *) pattern is shown in
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Figure 23. This pattern provides omnidirectional coverage by virtue of the
spinning of the nose cone throughout its entire flight.

Polarization patterns for the circumferentially-slotted cylinder antenna,
as for the helically-slotted cylinder antenna, were taken by rotating the
cylinder about its own axis, with the receiving antenna located on t ... .
The polarization pattern shown in Figure 24 was taken with the receiver
horizontally polarized. Figure 25 shows a polarization pattern taken with
the receiver vertically polarized. Again we see that the dominant radiation
is linearly polarized. However, for small variations from an exact 180'
phase difference between the slot pairs, the radiated wave deviates somew-at
from the linearly polarized condition. Although this circumstance is no--,
undesirable for the present application, little effort was expended toward
its constructive utilization.

The patterns in Figures 21-25 were taken with the circumferentially-
slotted cylinder antenna mounted on a mock-up of Radiosonde Set AN/DjQC-
(Figure 26.) E and E patterns were taken with antenna and nose cone
mounted on the Ircas r~cket body (Figures 27 and 28).

The same argument offered as an explanation of the asymmetry of the
EU patterns as opposed to the comparative symetry of the E patterns of the
tiically-slotted antenna, applies to the circumferentiallytslotted antenna.

However, the E pattern of the circumnferentially-slotted antenna is more
symmetrical than that of the helically-slotted antenna. This is possibly
due to the symmetrical distribution of the slots about the cylinder and the
feeding arrangement.

The exact dimensions and details of construction of the circuumferen-
tially-slotted antenna and the method of connecting it to the JRC 5794 tube
are given in A\ppendix II.

CONCLUSIONS

The helically-slotted and circunferentially-slotted antennas described
in this report were designed specifically for use with a Radiosonde Set
iN/DMQ-6, mounted in an Arcas rocket nose cone. Both antennas proved satis-
factory in engineering flight tests.

These slotted cylinder antennas can also serve in other rocket an'4'-
cations where good axial coverage is desired. The most significant resu-I:
of this development is the establishment of the capability of obtaining a
'-nearly polarized radiation field along the axis from slotted antennm.
less thanA/4 in length and of small diameter.

P7CObMDTIONS

While the predominant axial radiation field of the slotted cylinders
investigated is linearly polarized, evidence from some of the pattern
measurements suggests the possibility of obtaining a circularly polarized
axial field from the antennas. Further investigation in this connection is
recommended.
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Another area of investigation which may prove profitable is the possi-
bility of using these antennas as primary elements in larger antenna systems.
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APPENDIX Ul

CONSTRUCTION DETAIIS OF CmCMPTIAJY-SIAOTTED
C~lhIN ANTENNA

SOLDERING LUG

SOFT SOLDERSOTOLE

JPAIR OF LENGTH I

PAIR OF LENGTH I +
2

JRC 5794

IG.. *FmE CAME TO TuBE QONNwrTIO
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HICRODOT CABLE 50 f)
(50/5808 OR 50-3920)
MICEODOT STOCK NO. 5

AL

-j L~1/6'2 EA .516

C a D

2 EAs

E TO SLOT 01

0 TO SLOT 03

/ OUT PUT OF
6794 TUBENTO LT 7

E,F,B a I ARE SOLDERED ACROSS SLOTS 1,2,3,6 4 IN TNE SANE DIRECTION
IN ORDER TO RETAIN DESIRED PHASE RELATION OF OUTPUT SIGNAL.

Fl.11.2. DTIMNIONS OF IFEM OLBLU
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APPMtU TT (Cortd.)

32 tPl
TO MATCH KNURL NUT

PgI

2.000

.250 DIA
4-.HOLES-

RING MAY BE___
SOLDERED OR BOTH IL2.750*
PIECES MADE IN ONE

loe 6.32 THREADED
2 HOLES

2.750
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APIIDHX 11 (Ooutd.)

9/64, DIA C1IORE x 3/15 DP

06-32 NC-28 2 HOLES

2.062#4t-40 NC-2B

2 HOLES

1.750

CLIPS

2.750

Ii i s al 3/ 32, \- *' ._ I
1.531

1.760

FIG. r,5. TUE ?T1:DI
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API'!II Tr (Contd.)

2.750"

KNURL

Fir. ri. 5. RING FAsTmmD

140



APPENDIX II (Contd.)

.0626

___ __,----=-*

oo

OUTERDIAMETER
I. 000

(0. 669A)

f - 168o A - 7.030 inches

SLOT LENGTH z '.250' ON OUTSIDE CIICUMFERENCE - .6A.

OVERLAP ON ADJACENT SLOTS 1.108"

FIG. 1'.6. CRCUM"'ERT TA,.,-SLOTTED CLhINDER
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3.870w

1.868"

(0. 266K)

. tI.7. ANUM AOV!
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APP!2IDH 11 (Contd.)

14. 0051

FIG. r1.8. CONICA GROUND PLANE
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